A Gram-stain-negative, aerobic, rod-shaped, non-motile bacterial strain, designated SCU-M53 
Astaxanthin (3,3¢-dihydroxy-b,b-carotene-4,4¢-dione) is a carotenoid widely distributed in nature and is present in marine animal tissues, including those of red sea bream, salmon and lobster (Fujita et al., 1983; Johnson & An, 1991; Nelis & De Leenheer, 1991) . Organisms that produce astaxanthin include the basidiomycetous yeast Phaffia rhodozyma (Miller et al., 1976) , the green alga Haematococcus pluvialis (Bubrick, 1991) , and the Gram-stain-negative bacteria Paracoccus marcusii (Harker et al., 1998) , Paracoccus carotinifaciens (Tsubokura et al., 1999) and Paracoccus haeundaensis (Lee et al., 2004) .
The genus Paracoccus comprises Gram-stain-negative, nonspore-forming, catalase-and oxidase-positive organisms, having a large amount of C 18 : 1 !7c, and ubiquinone 10 as the major isoprenoid quinone Dastager et al., 2011) . This genus belongs to the family Rhodobacteraceae of the order Rhodobacterales in the Alphaproteobacteria class, and was first proposed by Davis et al. (1969) , with the type species Paracoccus denitrificans. The description of the genus was emended by Katayama et al. (1995) . Members of the genus Paracoccus are metabolically versatile and have been isolated from soil (Dastager et al., 2011; Nguyen et al., 2015; Sun et al., 2015) , sediment (Pan et al., 2014; Jung et al., 2014) , activated sludge (Lee et al., 2011; Lee & Lee, 2013; Sun et al., 2013) , root nodules (Deng et al., 2011) , cornetfish (Kim et al., 2010) and marine environments . At the time of writing, the genus Paracoccus included 46 species with validly published names, with recent introduction of Paracoccus fistulariae (Kim et al., 2010) ; P. sphaerophysae (Deng et al., 2011) ; P. caeni (Lee et al., 2011) ; P. isoporae ; P. stylophorae ; P. rhizosphaerae (K€ ampfer et al., 2012) ; P. niistensis (Dastager et al., 2011) ; P. tibetensis (Zhu et al., 2012) ; P. limosus (Lee & Lee, 2013) ; P. huijuniae (Sun et al., 2013) ; P. communis (Poroshina et al., 2013) ; P. sediminis (Pan et al., 2014) ; P. lutimaris (Jung et al., 2014) ; P. pacificus ; P. panacisoli (Nguyen et al., 2015) ; P. sanguinis (McGinnis et al., 2015) ; P. angustae (Sun et al., 2015) and P. cavernae (Dominguez-Moñino et al., 2016) .
Strain SCU-M53
T was isolated from the insect Acrida cinerea, captured from a deserted cropland in Chengdu, China (30 52¢ N 103 62¢ E; altitude 495 m). The insect was crushed and then put on tryptose soya agar (TSA) medium [1.5 % (w/v) tryptone, 0.5 % (w/v) soya peptone, 0.5 % (w/ v) NaCl and 1.5 % (w/v) agar, pH adjusted to 7.2 by HCl/ NaOH] at 30 C for a week. Single colonies on the plates were purified by transfer onto fresh plates and subsequentincubation. Strain SCU-M53
T was thus obtained, preserved in a glycerol suspension (20 %, v/v) , and maintained at À80 C.
Genomic DNA of SCU-M53 T was extracted as described by Li et al. (2007) . PCR amplification of the 16S rRNA gene was performed with the primers 27F (5¢-GAGTTT-GATCCTGGCTCAG-3¢) and 1492R (5¢-ACGGCTACCTT-GTTACGACTT-3¢). Sequencing reactions were performed by Shanghai Sangon using the dideoxy chain termination method with an ABI 3730XL (Applied Biosystems). The almost-complete 16S rRNA gene sequence (1441 bp) of strain SCU-M53
T was obtained and submitted to the GenBank database (accession number KT634253). The identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using NCBI's BLAST search (http://blast.ncbi.nlm.nih.gov/ Blast.cgi; Altschul et al., 1990) and the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Paracoccus marinus NBRC 100637 T and Paracoccus chinensis NBRC 104937
T exhibited the highest 16S rRNA gene sequence similarity to strain SCU-M53 T (97.16 % and 97.04 %, respectively). A phylogenetic tree was generated with the neighbour-joining method (Saitou & Nei, 1987) using the MEGA 5 program (Tamura et al., 2011) ; the bootstrap values were evaluated based on 1000 replications (Felsenstein, 1985 ) and Kimura's two-parameter model (Kimura, 1980 (Kimura, , 1984 was used for calculation of evolutionary distances. Two other algorithms, maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) , were also used to reconstruct phylogenetic trees. These showed similar topologies to that of the neighbour-joining tree ( 
M53
T belonged to the genus Paracoccus. The positions of strain SCU-M53
T and related species of the genus Paracoccus are shown in Fig. 1 . In conclusion, P. chinensis NBRC 104937 T and P. niistensis KCTC 22789 T were chosen as the reference strains for phenotypic and chemotaxonomic tests.
Cell morphology and size was examined under a scanning electron microscope (SEM) (JSM-7500F; JEOL) using cells in the exponential growth phase after incubation on tryptose soya broth (TSB) medium for 2 days (Fig. S2 ). Gramstaining was performed as described by Smibert & Krieg (1994) . Motility was examined by stab-culture in semi-solid medium as described by Gerhardt et al. (1981) . Salt tolerance tests were performed in basal medium [1.5 % (w/v) tryptone, 0.5 % (w/v) soya peptone, pH adjusted to 7.2 with HCl/NaOH] using different concentrations of NaCl (0, 0.5, 1, 2, 3, 4, 5, 7, 9, 11 and 13 %, w/v). The pH range and the optimum pH for growth were determined in TSB that was adjusted to pH 2.0-12.0 (at 0.5 pH unit intervals). The pH of the TSB was adjusted prior to sterilization using the following buffers: glycine/HCl for pH 2.0-4.0; citrate/Na 2 HPO 4 for pH 4.0-6.0; phosphate buffer for pH 6.0-8.0; and glycine/NaOH for pH 9.0-12.0. Growth at various temperatures (5, 10, 15, 20, 25, 28, 30, 37, 40, 45 and 50 C) was examined on TSB. Bacterial concentration was measured at 600 nm using an UV-vis spectrophotometer.
Oxidase, catalase and lipase activities, and hydrolysis of starch, cellulose, and Tweens 20 and 80 were determined as described previously (Barrow et al., 2004; Cappuccino et al., 2008) . Other biochemical properties and enzyme activities were tested using API ZYM and API 20 NE kits (Bio-M erieux). Biolog GN2 MicroPlates were used to detect the utilization of organic substrates according to the manufacturer's instructions. Phenotypic characteristics are summarized in the species description, and a comparison of strain SCU-M53
T and the related reference strains is given in Table 1 .
Pigments were extracted with acetone and determined using a UV-vis spectrophotometer. Since strain SCU-M53
T produced water-insoluble orange pigments with a major peak 
Assimilation of (API 20NE and Biolog GN2): Dastager et al. (2011) . †Difference in data between literature and this study.
at 470 nm, the pigments were further analysed by HPLC with the detection wavelength at 470 nm according to Harker et al. (1998) and Lee et al. (2004) . One of the major pigments that accumulated in the cell wall was astaxanthin, which was identified by comparing with the standard solution of authentic astaxanthin (Fig. S3) . The orange-red colouration of the bacterium was shown to result from biosynthesis of astaxanthin within the cells.
Polar lipids were extracted and analysed by two-dimensional TLC according to Minnikin et al. (1984) and Kates et al. (1986) . Isoprenoid quinones were determined using the procedures of Minnikin et al. (1984) and analysed by HPLC (Hiraishi & Hoshino, 1984) using the quinones of the reference strains as standards. For determining the compositions of fatty acids, strain SCU-M53 T , P. chinensis NBRC 104937
T and P. niistensis KCTC 22789 T were assayed in order to examine differences between the novel strain and the most closely related species. The isolates were cultured under aerobic conditions on PYG medium [1.0 % (w/ v) peptone, 0.5 % (w/v) yeast extract, 0.1 % (w/v) glucose and1.5 % (w/v) agar, pH adjusted to 7.0 by HCl/NaOH] at 30 C until the exponential growth phase according to the cell growth curve. Lipids were extracted using the method of Folch et al. (1957) . Total lipids were converted to fatty acid methyl esters (FAMEs) with 4 mol l À1 HCl in 55 % (v/ v) methanol at 80±1 C for 10 min. FAMEs were analysed by GC-MS (Trace DSQII; Thermo Fisher), and detailed conditions of the fatty acids analysis by GC-MS have been previously described (Xiang et al., 2011) . The compounds were identified using NIST 05 database (NIST Mass Spectral Database, PC-Version 5.0, 2005, National Institute of Standardization and Technology, Gaithersburg, MD, USA). To confirm the results, each experiment mentioned above was performed three times.
For determination of the G+C content, genomic DNA was extracted as mentioned above and enzymatically degraded into nucleosides. The nucleosides were analysed by using HPLC as described previously (Mesbah et al., 1989) . DNA-DNA hybridization is a commonly used method for defining separate bacterial isolates (Wayne et al., 1987) , and according to Wayne et al. (1987) , a relatedness value below 70 % indicates that the two samples represent different species. DNA-DNA hybridization between strain SCU-M53 T , P. chinensis NBRC 104937 T and P. niistensis KCTC 22789 T was conducted as described by De Ley et al. (1970) with hybridization temperature set at 69 C. Genomic DNA (OD 260/280 =1.8-1.9) was extracted using the Omega Bacterial DNA kit (E.Z.N.A.). The hybridization was carried out reciprocally with five replications per sample; the highest and lowest values obtained for each sample were excluded and the means of the remaining three values are quoted as DNA-DNA relatedness values.
Cells of strain SCU-M53
T were Gram-stain-negative rods measuring 0.4-0.6 µm wide and 0.7-1.7 µm long (Fig. S2) . Growth was observed in the temperature range of 10-40 C (optimal 25-30 C), at pH 5-10 (optimal pH 6.5-7.5) and with 0-4 % (w/v) NaCl (optimal, 0-1 %). Detailed phenotypic properties of strain SCU-M53 T are shown in Table 1 .
The isoprenoid quinone found in strain SCU-M53 T was ubiquinone 10, which is consistent with that of the genus Paracoccus (Katayama et al., 1995) . The cellular fatty acids of strain SCU-M53
T were C 18 : 1 !7c (70.4 %), C 16 : 0 (10.6 %), C 10 : 0 3-OH (10.2 %), C 18 : 0 (5.0 %), C 14 : 0 3-OH (3.5 %) and C 14 : 0 (0.4 %). The major cellular non-hydroxyl fatty acid was C 18 : 1 !7c, and the major hydroxyl fatty acid was C 10 : 0 3-OH. The fatty acid profiles of the isolate are compared with those of the reference strains in Table 2 . The polar lipid profile of strain SCU-M53
T consisted of phosphatidylglycerol, diphosphatidylglycerol, phosphatidylcholine, an unknown aminolipid, two unknown phospholipids and two unknown polar lipids (Fig. S4) .
The DNA G+C content of strain SCU-M53
T was 60.6 mol%. In a previous description of the genus Paracoccus, the G+C contents were in the range of 64-70 mol% (Katayama et al., 1995) and recently Paracoccus caeni MJ17
T (Lee et al., 2011) and Paracoccus aquimaris KF89
T (Kim & Lee, 2015) were found to have G+C contents of 58.7 and 57 mol%, respectively. Strain SCU-M53
T exhibited relatively low levels of DNA-DNA relatedness with P. chinensis NBRC 104937 T (36.5±1.7 %) and P. niistensis KCTC 22789 T (28.6±2 %). Reciprocally, P. chinensis NBRC 104937 T and P. niistensis KCTC 22789
T also exhibited low DNA-DNA relatedness with strain SCU-M53
T (38±1.6 and 31±3 %, respectively). These data indicated that strain SCU-M53
T was not affiliated with other members of the genus Paracoccus at the species level (Wayne et al., 1987) .
On the basis of the results of phylogenetic analysis, morphological and chemotaxonomic investigation and DNA-DNA hybridization, strain SCU-M53
T represents a novel species of the genus Paracoccus, for which the name Paracoccus acridae sp. nov. is proposed. Description of Paracoccus acridae sp. nov.
Paracoccus acridae (a¢cri.dae. N.L. gen. n. acridae of Acrida, the insect from which the species was isolated).
Cells are Gram-stain-negative, aerobic, rod-shaped (0.4-0.6 µm Â 0.7-1.7 µm), and non-motile. Colonies grown on TSA medium are circular, smooth, low-convex and orangered. Oxidase-and catalase-positive. Growth occurs at 10-40 C (optimum 25-30 C) and at pH 5.0-10.0 (optimum pH 6.5-7.5). The salt tolerance range for growth is 0-4 % (w/v) NaCl (optimum 0-1 %). In API ZYM tests, positive for alkaline phosphatase, esterase (C4), esterase (C8), leucine arylamidase, a-chymotrypsin and naphthol-AS-BI-phosphohydrolase, but negative for acid phosphatase, lipase (C14), trypsase, valine arylamidase, cystine arylamidase, aglucosidase, b-glucosidase, b-glucuronidase, a-galactosidase, b-galactosidase, N-acetyl-b-glucosaminidase, a-mannosidase, b-fucosidase, protease (gelatin hydrolysis) and urease. In API 20NE tests, positive for production of indole, hydrolysis of starch, fermentation of D-glucose, and assimilation of glucose, maltose, arabinose and phenylacetate, but negative for reduction of nitrate, arginine dihydrolase, urease and gelatin, and assimilation of mannose, mannitol, caprate, adipate, N-acetylglucosamine, citrate, potassium gluconate and malate. With Biolog GN2 MicroPlates, utilizes dextrin, acid, D-serine, L-serine, L-threonine, DL-carnitine, g-aminobutyric acid, urocanic acid, inosine, uridine, thymidine, phenylethylamine, putrescine, 2-aminoethanol, 2,3-butanediol, DL-a-glycerol phosphate, glucose 1-phosphate, or glucose 6-phosphate. The major cellular fatty acids are C 18 : 1 !7c, C 18 : 0 C 16 : 0 and C 10 : 0 3-OH. The polar lipids consist of phosphatidylglycerol, diphosphatidylglycerol, phosphatidylcholine, an unknown aminolipid, two unknown phospholipids and two unknown polar lipids. The isoprenoid quinone is Q-10.
The type strain is SCU-M53 T (=KCTC 42932 T =CGMCC 1.15419 T ), isolated from the insect Acrida cinerea, which was found living in deserted cropland in Chengdu, China. The DNA G+C content of the type strain is 60.6 mol%.
